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Purpose: Examine changes from 90-minutes of competitive match-play in countermovement 52 
jump (CMJ), creatine kinase (CK) and urine osmolality (Uosm) in elite football players over a 53 
season and their association to match external load.  54 
Methods: Eighteen football players participated. CMJ, CK and Uosm were collected 24-h pre-55 
match and 48-h post-match. Match-performance data was examined using Prozone®. 56 
Results: Post-match CK concentrations increased 49 % (ES: 0.66), while CMJ flight-time (FT), 57 
flight time: contraction time ratio (FT:CT), take-off velocity (TV) and average power (AP) 58 
decreased 2.4-7.4 % post-match (ES: 0.39-0.63). CMJ height post-match reduced 4.2 % (ES: 59 
0.35). CMJ FT and AP showed associations with high intensity distance covered (HID), high 60 
intensity number (HIN), explosive sprints (EXS) and medium intensity accelerations (r = -0.395 61 
to -0.496). Changes in CMJ FT also displayed associations to total sprint distance (TSD), total sprint 62 
number (TSN) and medium intensity decelerations (r = -0.395 to -0.446, P < 0.05). Increases in CMJ 63 
CT were associated with HIN (r = 0.39), and CMJ AF with HIN, EXS and medium 64 
accelations/decelerations (r = -0.397 to 0.459) completed during the match. 65 
Conclusion: CMJ outputs from the push-off phase and countermovement phase were sensitive 66 
to change in neuromuscular fatigue. CK concentrations were sensitive to match-play demands. 67 
This helps practitioners determine player readiness and has implications for individual recovery 68 
strategies. 69 
Key words: soccer; creatine kinase; countermovement jump; hydration; performance 70 
monitoring; neuromuscular fatigue.  71 




Football match-analysis has extensively reported the movement demands and physiological 74 
responses to 90-minutes (min) of competitive football (de Hoyo et al., 2016; Scott et al., 2016), 75 
showing that football players typically cover 9–14 km during a game with high-intensity 76 
running (HIR) accounting for 5–15 % of match-play (Bangsbo et al., 2006; Faude et al., 2012). 77 
The squad formation and tactical role of players could also dictate the amount of HIR 78 
undertaken during a match, with central and wide midfielders covering the greatest total 79 
distance and wide midfielders and full backs covering the most HIR (Bradley et al., 2009; 80 
Abbott et al., 2018). During match-play, players are exposed to a high-volume of high-intensity 81 
manoeuvres such as accelerations, decelerations, repeated sprints, tackles and duel plays with 82 
short periods of recovery (Mohr et al., 2003). This high-volume and high-stress participation 83 
has the potential to cause acute and residual fatigue for up to 72-hours (h) post-match, 84 
characterised by impairments in sprint times, jump ability, biochemical changes and wellness 85 
scores (Ispirlidis et al., 2008; Fatouros et al., 2010; son et al., 2016; Thorpe et al., 2017).  86 
In an elite setting, it is important to monitor an athlete’s response to external load to 87 
avoid an imbalance between competition stress, training and recovery (Kellmann et al., 2018). 88 
In elite football players, the use of subjective well-being questionnaires have displayed 89 
sensitivity against fluctuations in training load and susceptibility to potential injury (Watson et 90 
al., 2016; Thorpe et al., 2017). However, little research has been conducted regarding the 91 
sensitivity of biomarkers and physical performance tests in this cohort (Scott et al., 2016; 92 
Rowell et al., 2017; Hecksteden and Meyer, 2020), highlighting the need for more research to 93 
be conducted within this area.  94 
Previously, associations have been made between time–motion parameters completed 95 
during match-play and the magnitude of skeletal muscle damage (Young et al., 2012; de Hoyo 96 
et al., 2016). Exposure to eccentric actions during match-play, such as decelerations, is known 97 
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to induce mechanical disruption to the cellular structure of muscle resulting in a leak of 98 
intracellular proteins into the bloodstream (Proske and Morgan, 2001; Magal et al., 2010). The 99 
observation of plasma creatine kinase (CK), a protein that is found in both the cytosol and the 100 
mitochondria of a muscle, can be used as an indirect biomarker that may indicate cell membrane 101 
muscle damage. However, the sensitivity of CK to match external load has shown inconsistent 102 
findings due to differing methodological approaches (de Hoyo et al., 2016; Scott et al., 2016). 103 
Another, commonly quantified response to match external load is neuromuscular fatigue (NF). 104 
Although not a ‘gold standard’ assessment of NF, the countermovement jump (CMJ) test has 105 
been commonly used due to its time efficient nature and easy implementation in an elite 106 
sporting environment for the regular assessment of large groups. The CMJ response to match-107 
external load in football has largely been measured via jump height (Nedelec et al., 2014). 108 
However, recent recommendations have suggested a more comprehensive analysis should be 109 
utilised to allow observations into movement strategy. The ratio of flight time to contraction 110 
time (FT:CT) has shown greater associations to variability in match external load perhaps due 111 
to its reflection of outputs concerning concentric ‘push-off’ (FT) and ‘countermovement’ 112 
portions (CT) of the CMJ (Rowell et al., 2017; Rowell et al., 2018). Nevertheless, there is 113 
inconsistency in the literature in relation to the sensitivity of the CMJ outputs to match and 114 
training demands (Thorpe et al., 2015; de Hoyo et al., 2016, Rowell et al., 2017; Rowell et al., 115 
2018; McHugh et al., 2019). Further research is required to investigate whether alternative 116 
measures derived from CMJ testing are sensitive to changes in match and training load in elite 117 
football players.  118 
Whilst monitoring the physical and biochemical changes post-match are of paramount 119 
importance to determine the recovery-fatigue status of athletes, the monitoring of hydration 120 
status has become a key component due to the known negative impact of 121 
dehydration/hypohydration on aerobic and endurance exercise performance (Cheuvront et al., 122 
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2003). The current ‘gold standard’ of hydration assessment (total body water measurements 123 
and plasma osmolality) is impractical for routine field-based monitoring due to the analytical 124 
expertise and methodological control required (Armstrong et al., 1994; Cheuvront and Sawka, 125 
2005). Therefore, urine osmolality (Uosm) measured via a handheld refractometer is recognised 126 
as a reliable measure of acute body water loss (Oppliger et al., 2005) but there is limited 127 
knowledge on the sensitivity of this measure post 90-min of competitive football.  128 
Whilst a comprehensive body of research has investigated post-match acute and residual 129 
fatigue responses to match-play, the applicability of this research to elite senior football players 130 
is debatable in relation to the ecological validity of study populations (e.g. level of playing 131 
standard and/or U23’s squad vs senior first team players), protocols (e.g. ‘one-off’ data 132 
collections) and match fixtures used (e.g preseason friendlies vs. competitive league games) 133 
(Carling et al., 2018). Therefore, the purpose of this research was to: (1) examine the acute 134 
changes from competitive match-play in Uosm, CK and CMJ as part of routine testing and 135 
monitoring of senior first-team players over the course of a professional football season and (2) 136 
examine the association between the acute changes in Usom, CK and CMJ and match external 137 
load after 90-min of elite competitive football. 138 
Methods 139 
Subjects 140 
Eighteen first-team professional male football players playing in the English Championship 141 
Football League during the 2015-16 season were utilised for this study [age (mean ± SD) 25.3 142 
± 4.9 yrs; body mass 73.9 ± 6.7 kg; stature 1.8 ± 0.7 m; body fat 9.3 ± 1.7 %]. Players were 143 
removed from the analyses if they did not met the criteria for data collection time points, match-144 
min played or if an injury was sustained during the data collection windows. Goal keepers were 145 
excluded from the sample due to their specialised role within the team. Written informed 146 
consent was sought and obtained from all players. The study was approved by the Ethics 147 
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Committee of the School of Sport and Biological Sciences, University of Bolton and conformed 148 
to the recommendations of the Declaration of Helsinki. 149 
Design 150 
This investigation was completed as part of routine testing and monitoring from pre-season 151 
until the end of the season. As a consequence of this approach, a traditional scientific 152 
experimental design was not employed. All measures were carried out at the same time-of-153 
day (09:30 to 11:00 h) to reduce the potential influence of circadian rhythmicity. For the 154 
purpose of this study, data were analysed from every one-game-week three days apart: on a 155 
Friday one day before match-day (MD -1) and on a Monday two days post-match (MD +2), 156 
either side of a scheduled Saturday fixture. Only players who had completed 90-min or more 157 
of competitive match-play between MD -1 and MD +2 were used for subsequent analysis. 158 
Only recovery training was scheduled one day post-game (MD +1) for all players in this 159 
analysis had participated in full 90-min league games. The recovery modalities may have 160 
included stationary bike, foam rolling/passive stretching, contrast bathing, cold water 161 
immersion, cryotherapy chamber, soft tissue massage, compression garments and 162 
supplementation. In a fasted state, where no food or water was consumed prior to arriving at 163 
the training ground, all players provided a urine sample, followed by blood sample to assess 164 
CK concentration, and finally performed a CMJ test. Over the course of the season a limited 165 
number of data points met the requirement for analysis (Hydration, n = 23; CK, n = 35; CMJ, 166 
n = 34), due to player illnesses, extra days off being provided by the coaching staff or other 167 




Urine Osmolality (Hydration Testing) 170 
Players reported to the training facilities and provided a urine sample, the first urine void of the 171 
day, to assess hydration status using a handheld urinary refractometer (Osmocheck pocket pal 172 
OSMO, Vitech Scientific Ltd, Japan); but if this was not possible the second void was used. 173 
The players were asked to provide a sample of midstream morning urine directly into 30-ml, 174 
clear, sterile, plastic container, which were analysed within 30-min of collection to provide 175 
urine osmolality (Uosm). Prior to analysis, the device was calibrated according to the 176 
manufacturer’s instructions, by pipetting a drop of distilled water directly on the face of the 177 
prism to calibrate the refractometer to point zero. Between samples the prism was rinsed with 178 
distilled water and dried according to the manufacturer’s guidelines. The reproducibility for 179 
Uosm measured via the Osmocheck has been previously reported (CV % 34; ICC 0.979; TE 180 
0.15; Sparks and Close, 2013). 181 
 182 
Creatine Kinase Testing 183 
Upon completion of the hydration test, the players provided a blood sample in a rested state to 184 
test plasma CK concentrations. Capillary blood (32 μL) samples were collected via a finger 185 
prick with a safety lancet (Sarstedt DS1588, Numbrecht, Germany) into a heparinized capillary 186 
tube (Reflotron®). From this, the blood was directly pipetted on a CK test strip (Reflotron®) 187 
and subsequently analysed through a Boehringer Mannheim Reflotron Analyzer (Reflotron®). 188 
The measurement range for CK using this method was 24.4-1400 μL. The reproducibility for 189 
CK measured via the Reflotron has been previously reported (CV % 18 - 20.0; ICC 0.90; TE 190 
94; Harper et al., 2016; Chrismas et al., 2017). 191 
 192 
Counter Movement Jump (Physical Performance Test) 193 
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The CMJ (a vertical jump test) was performed using a portable force platform (HUR Labs Force 194 
Platform 3.8.0.2, Kokkola, Finland). According to previously described methods, all players 195 
performed a standardised warm-up consisting of a 5-min cycle at 80-W power load (Keiser M3, 196 
Fresno, CA, USA), dynamic stretching and three submaximal CMJ efforts. Once completed, 197 
players were asked to stand on the platform to perform the test with hands on hips, lowering 198 
down to a self-selected level before jumping up maximally (Cormack et al., 2008a). The test 199 
was repeated three times with a rest period of 30 s provided in between each jump with the 200 
highest value used for further analysis. To minimise the influence of external factors (such as 201 
possible ground-surface variations during the season), all testing sessions were conducted at 202 
the same indoor gym facility to provided consistent stable flooring. CMJ data was recorded for 203 
jump height calculated by impulse-momentum (height - cm); contraction time (CT, 204 
representing the time from the initiation of the countermovement until the participant leaves 205 
the force plate - ms); flight time (FT, representing the moment the participant leaves the force 206 
plate until landing - ms); flight time:contraction time ratio (FT:CT); peak power (PP - Watts); 207 
max force (MF - Newtons); take off velocity (TV – m/s); average power (AP - Watts) and 208 
average force (AF - Newtons).  209 
 210 
Match Analysis  211 
Matches were analysed using a semi-automated multi-camera recognition system (Prozone®, 212 
Leeds, England). The Prozone® system allows the tracking of all players simultaneously during 213 
all home league matches and away league matches where the system was in situ. These cameras 214 
capture the players’ movements individually during matches and are based upon the 215 
development of a continuous movement trajectory and this method has previously been found 216 
to reliable for the measurement of match activity in football, with data demonstrating a mean 217 
coefficient of variation of 16.2 ± 6.4 % and 95 % confidence interval of 15.6 - 16.7 % (Gregson 218 
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et al. 2010). Subsequently, the data was analysed using proprietary software to create a dataset 219 
on each player’s physical performance data. Physical performance variables selected for the 220 
analysis were: (1) total distance covered (TD); (2) total high-intensity running distance (HID – 221 
distance covered above 5.5 m/s); (3) total sprint distance (TSD – distance covered over 7 m/s); 222 
(4) total high-intensity run number (HIN – number of high-intensity efforts above 5.5 m/s); (5) 223 
total sprint number (TSN – number of high-intensity efforts above 7 m/s); (6) total number of 224 
explosive sprints (EXS – number of efforts when accelerating at high-speed into a sprint and 225 
remaining in the high-speed run threshold, 5.5-7 m/s, for a period of less than 1 s); (7) total 226 
number of medium-accelerations (MAcc – speeding up at 2.5 to 4 m/s2); (8) total number of 227 
high-accelerations (HAcc – speeding up at ≥ 4 m/s2); (9) total number of medium-decelerations 228 
(MDec – slowing down at -2.5 to -4 m/s2); and (10) total number of high-decelerations (HDec 229 
– slowing down ≥ -4 m/s2). 230 
 231 
Statistical Analysis 232 
The data were analysed by means of the Statistical Package for Social Sciences (SPSS) for 233 
Windows (SPSS, Chicago, IL), IBM version 26, using paired t-tests for all variables pre- and 234 
post-match. The normality of distribution was checked using the Shapiro-Wilk test. Effect sizes 235 
(ES) were calculated from the ratio of the mean difference to the pooled standard deviation. 236 
The magnitude of the ES was classified as trivial (≤ 0.2), small (> 0.2–0.6), moderate (> 0.6–237 
1.2), large (> 1.2–2.0) and very large (> 2.0) based on guidelines from Batterham and Hopkins 238 
(2006). For correlations, the Pearson method was used to analyse the association between each 239 
participants’ change in CMJ, CK and Uosm measures pre- to post-match and the individual’s 240 
match external load. The criteria adopted to categorise the magnitude of the correlation (r) 241 
between the different measures were classified as trivial (≤ 0.1), small (> 0.1–0.3), moderate (> 242 
0.3–0.5), large (> 0.5–0.7), very large (> 0.7–0.9), and almost perfect (> 0.9–1.0) based on the 243 
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guidelines of Hopkins et al. (2009). The results are presented as the mean ± SD throughout the 244 
text unless otherwise stated. Following convention, the alpha level of significance was set at 245 
5% (P < 0.05). When the SPSS output demonstrated significance levels of P = 0.000, these were 246 
corrected to P < 0.0005 (Kinnear & Gray, 1995). 247 
 248 
Results 249 
Table 1 shows the group means (± SD) for Uosm, CK and CMJ pre- and post-match. Creatine 250 
kinase concentrations were significantly higher 48-h post 90-min of competitive football 251 
compared to 24-h pre-match (+48.7 %; t34 = 3.92, P = 0.001, ES = 0.66). The CMJ output 252 
measure AP displayed a moderate effect size change 24-h pre- to 48-h post-match (-7.3 %; t33 253 
=-3.67, P = 0.001, ES = -0.63). Small effect size changes were observed in CMJ FT, FT:CT, 254 
TV and jump height 24-h pre- to 48-h post-match. Following a 90-min of competitive football, 255 
CMJ FT was 13.55 ms lower compared to pre-match (-2.4 %; t33 = -2.61, P = 0.014, ES = -256 
0.45). A significant reduction was also observed in FT:CT (-7.4 %; t33 = -2.30, P = 0.028, ES = 257 
-0.39), TV (-3.3 %; t33 = 2.50, P = 0.018, ES = -0.43) and jump height (-4.2 %; t33 = -2.02, P = 258 
0.51, ES = 0.35) with lower values 48-h post-match. There was no significant change in CMJ 259 
CT, PP, MF and AF, or Uosm pre- and post-match (ES = 0.03 to 0.28; P > 0.05).  260 
 261 
>>>>> INSERT TABLE 1 HERE <<<<< 262 
 263 
Table 5.2 shows the mean ± SD of the positional match averages for the physical match 264 
performance parameters collected through the Prozone® system, where players covered total 265 
distances of 10.2 ± 0.8 km on average during each match. A total of 120 high-intensity runs 266 
above 5.5 m/s (HIN) were performed, while 38 of these runs were high-intensity efforts above 267 
7 m/s (TSN). Central midfielders covered a greater total distance than wide midfielders, full-268 
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backs, attackers and central defenders (Table 2). Central and wide midfielders also covered a 269 
greater distance in HIR and sprint distance than full-backs, central defenders and attackers. 270 
 271 
>>>>>INSERT TABLE 2 HERE<<<<<< 272 
 273 
Associations between Uosm, CK and CMJ to match external load are shown in Table 3. There 274 
were moderate associations between changes in CMJ FT and AP to HID, HIN, EXS and MAcc 275 
(r = -0.395 to -0.496, P < 0.05). Pre- to post-match changes in CMJ FT also displayed moderate 276 
associations to TSD (r = -0.395, P = 0.034), TSN (r = -0.446, P = 0.015) and MDec (r = -0.423, 277 
P = 0.022). Urine osmolality demonstrated a strong association to the number of HAcc (r = 278 
0.561, P = 0.019). No significant associations were observed between changes in CMJ height, 279 
FT:CT, PP, MF and CK to Prozone® match external load. 280 
 281 
>>>>> INSERT TABLE 3 HERE <<<<< 282 
 283 
The positional pre to post-match changes in Uosm, CK and CMJ are shown in Table 4.a – c. 284 
Central midfielders displayed the greatest ES change in Uosm, CK, CMJ height, and CMJ FT 285 
in the direction expected. Wide and central midfielders demonstrated the greatest ES changes 286 
in CK concentrations post-match (ES: 0.81 -0.93). Further, central midfielders and full-backs 287 
displayed the greatest changes in CMJ FT:CT, TV and AP after 90-min of competitive football.  288 
Discussion 289 
The first aim of the present study was to investigate the acute changes from 90-min competitive 290 
match-play in Uosm, CK and CMJ as part of routine testing and monitoring of first-team players 291 
over the course of a professional football season in the English Championship Football League. 292 
It was established that CK concentrations significantly increased and physical performance 293 
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measures from CMJ testing significantly decreased 48-h post-match compared to 24-h pre-294 
match. The second aim of the study was to examine the association between acute changes in 295 
Uosm, CK and CMJ to match external load. The findings showed pre- to post-match changes 296 
in CMJ AP and FT were moderately associated to match external load, all other associations 297 
were limited. These results, which were collected as part of a routine testing and monitoring 298 
system over the course of a season, provide a valuable insight into real-world changes during 299 
the 48-h recovery window. These findings highlight the challenges faced with competing at a 300 
high level, such as recovering to train effectively and potentially be able to play again a few 301 
days later.  302 
The findings of the present investigation are in agreement with previous studies 303 
(Cormack et al., 2008a; McLean et al., 2010; de Hoyo et al., 2016), but research conducted in 304 
professional first-team competitive league football remains sparse (Nedelec et al., 2014; Scott 305 
et al., 2016; Rowell et al., 2017; Hecksteden and Meyer, 2020). The magnitude of change in 306 
CK observed following 90-min of competitive football were as expected, showing a significant 307 
increase (212 ± 320 u/l, P = 0.001) and a moderate ES change (ES 0.66). The post-match CK 308 
levels are comparable with previously reported research in football which observed values of 309 
520 and 950 u/l 48-h post-match (Ispirlidis et al., 2008; Scott et al., 2016). However, in relation 310 
to the reported reference range in elite level football players (64.9 to 1971.7 u/l), the post-match 311 
CK concentrations are low and would suggest minimal muscular or fatigue related stress, or 312 
good recovery was present at this time-point of data collection (Mahmutyazicioglu et al., 2018). 313 
The pre-match CK concentrations in our study were higher compared to previously reported 314 
values 24-h pre-match (436 u/l vs. 248 to 290 u/l; Nedelec et al., 2014; de Hoyo et al., 2016). 315 
Data from training weeks when only one Saturday fixture was scheduled was included in our 316 
study, therefore the elevated pre-match concentrations cannot be associated to that of a mid-317 
week fixture but purely associated to the training stimulus. In addition, our results also reveal 318 
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a large variation in CK concentrations, as previously noted in literature (Lazarim et al., 2009; 319 
Cobley et al., 2011; Mahmutyazicioglu, 2018). The prospect of cumulative fatigue was 320 
considered as data was collected from across a whole season, potentially adding to the variance 321 
observed (Hecksteden and Mayer, 2020). Factors such as training history, fitness level, age, 322 
and match exposure may alter the morphological make-up of athletes and affect CK response 323 
to exercise (Brancaccio et al., 2007; Lazarim et al., 2009). This method of monitoring 324 
physiological response may have a threshold for applicability, such that when players reach a 325 
certain level of exposure to training and matches CK testing may lack the sensitivity to identify 326 
physiological coping and exercise stress. 327 
Further, our study observed pre- to post-match changes in CMJ AP, FT and FT:CT, 328 
which demonstrated the most sensitivity and magnitude of change. Research surrounding 329 
outputs from the ‘push-off’ phase of the CMJ have previously reported reductions in CMJ 330 
height lasting up to 48-h post-game (Magalhes et al., 2010; de Hoyo et al., 2016). Our findings 331 
displayed a small ES change between pre and post-match measures for CMJ height. This may 332 
be explained by a smaller percentage change in scores (4.2 % vs. 6.2 to 7.5 %) in comparison 333 
to other studies (Nedelec et al., 2014; de Hoyo et al., 2016). In support of concentric outputs 334 
from the ‘push-off’ phase, AP demonstrated a moderate change and a significant reduction in 335 
performance (ES: -0.63). This reduction has been attributed to a reduced central drive and/or 336 
metabolic disturbances that impair excitation-contraction coupling and reduce stretch-reflex 337 
sensitivity, muscle stiffness, and force production (Avela et al., 1999; Komi, 2000; Tofari et 338 
al., 2018). This may reflect low frequency fatigue manifested in an altered movement strategy 339 
whereby countermovement range and speed are changed in order to achieve peak values 340 
(Cormack et al., 2008a). This may have greater implications than first expected, as the time 341 
taken to perform a football specific action can influence success. Research by de Hoyo et al. 342 
(2016) demonstrated reduced CMJ height at all time points post-match (30-min, 24-h and 48-343 
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h) and reduced eccentric force at 30-min and 24-h suggesting that both concentric outputs from 344 
the ‘push-off’ phase and movement strategy outputs are sensitive to fatigue-induced changes 345 
from 90-min of competitive football. The results from the current study support this theory, 346 
with FT:CT remaining reduced 48-h post-competition (ES: -0.39). Similar results have been 347 
documented following competitive matches in Australian A-League players and in Australian 348 
Rules football (Cormack et al., 2008b; Rowell et al., 2017). The ratio of FT:CT may prove to 349 
be an effective marker for detecting NF due to its reflection of outputs concerning concentric 350 
push-off (FT) and altered movement strategy (CT).  351 
Hydration measured via Uosm did not reveal any significant difference 24-h pre to 48-352 
h post-match. The post-game hydration scores were low and below the accepted euhydration 353 
cut-off set at < 700 mOsmols (Cheuvront and Sawka, 2005). These findings suggest that 90-354 
min of competitive football at the elite level does not induce dehydration 48-h post-match, 355 
and/or hydration strategies during and post-match are sufficient to maintain euhydration.  356 
In relation to the second aim of the study, the results demonstrated limited associations 357 
between changes in Uosm, CK and CMJ and match external load. There was a large association 358 
between Uosm and the number of HAcc, but the clinical significance of this association due to 359 
reasons discussed previously are negligible. The current study was unable to identify 360 
statistically significant associations between match external load and CK concentration. This is 361 
in agreement with the findings of Scott et al. (2016) who were unable to identify statistically 362 
significant correlations between Prozone® physical match performance data and CK 363 
concentrations 48-h post-match in Premier League football players. However, a marked 364 
difference in CK concentration pre- to post-match was observed, which is similar to our 365 
findings, showing that 90-min of professional match-play leads to significant increases in CK 366 
concentrations (Nedelec et al., 2014; de Hoyo et al., 2016; Scott et al., 2016; Hecksteden and 367 
Meyer, 2020). Although lacking statistical significance, the present study displayed a small to 368 
 
16 
moderate positive associations between pre- to post-match CK and the number of MAcc, MDec 369 
and HAcc (r = 0.103 to 0.313). These associations support the suggested link between high 370 
metabolic actions and induced cell membrane muscle damage (Nosaka and Newton, 2002). 371 
 Data from other team sports have demonstrated that physical variables, such as impacts 372 
and tackles, are more highly associated with CK than that of movement patterns (Takarada, 373 
2003). A limitation to our investigation was the accuracy of the semi-automated computerised 374 
tracking system used to generate match external load. Prozone® provides only 2-dimensional 375 
movement and does not account for frequent changes in velocity and direction / loading from 376 
triaxial accelerometers and gyroscopes that may have a greater association to CK due to the 377 
high metabolic and neuromuscular demands of such physical actions (Hodgson et al., 2014; 378 
Akenhead et al., 2016). Recent longitudinal investigations in elite football have supported 379 
associations between post-match CK concentrations and match related load (Hecksteden and 380 
Meyer, 2020, Nowakowska et al., 2019). Collectively, these findings suggest that CK testing is 381 
sensitive to the overall demands of match-play but should not be used to quantify the magnitude 382 
of muscle damage in football. In order to gain full understanding of a players’ physiological 383 
response to training/game demands, future research should incorporate more detailed blood 384 
analysis to allow a greater insight into muscular stress/damage (Lee et al., 2017). 385 
Further, the present study observed moderate associations between CMJ AP, FT, CT 386 
and AF to sprint outputs and medium acceleration/decelerations. These associations therefore 387 
support our findings that outputs from the ‘push-off’ and ‘countermovement’ phase can achieve 388 
the sensitivity necessary against match external load and the detection of NF in elite first team 389 
footballers. The magnitude of association between all other variables was insignificant, trivial, 390 
or small. Physical output is more complex than observing distances covered, actions such as 391 
kicking, jumping, and heading are powerful movements that are repeatedly performed by 392 
players during competitive football, yet are rarely considered as contributors to post-match 393 
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fatigue. Such high-force actions may contribute to non-metabolic fatigue of the muscular and 394 
physiological system, which can impair muscle function and subsequent performance (Hubal 395 
et al., 2007; Hedayatpour et al., 2009). This may also provide reason for the lack of statistical 396 
significance and low association between CK and match external load in this investigation. 397 
Future research should incorporate a more integrated approach looking at associations between 398 
physical, technical and tactical factors that may be associated with changes in recovery-fatigue 399 
responses (Bradley and Ade, 2018). 400 
Lastly, the positional changes 24-h pre to 48-h post-match showed that central 401 
midfielders displayed the greatest ES change in Uosm, CK, CMJ height and CMJ FT. In 402 
agreement with previous research, this position alongside wide midfielders covered the greatest 403 
total distance, HIR distance and HI actions (Bradley et al., 2009). The higher physical output 404 
in these positions may explain the greater physiological stress observed 48-h post-match. 405 
Central midfielders also covered the greatest number of medium decelerations that may have 406 
contributed to the greater changes in CK concentrations observed due to the high eccentric 407 
component in this action know to induce muscle damage (Nosaka and Newton, 2002; Young 408 
et al., 2012; de Hoyo et al., 2016). Central defenders displayed the greatest percentage change 409 
for decrements in CMJ PP and MF outputs. In this investigation, central defenders covered the 410 
lowest distances and high intensity actions. As discussed, other factors not included in the 411 
analyses such as technical actions of passes, tackles, headers, crossing and jumping to win aerial 412 
balls may contribute to the decrements observed (Bradley and Ade, 2018). The integration of 413 
these factors and their associations to recovery-fatigue variables used would allow a more 414 
holistic insight into the myriad of factors that may contribute to fatigue in football. 415 
 416 
Practical Implications 417 
 
18 
Throughout a competitive football season, there are extremely quick turnaround in fixtures. 418 
Therefore, monitoring for spikes in CK concentrations and impairments in CMJ performance 419 
may provide clinically relevant insights of individual players prior to the next training session 420 
and/or fixture, ultimately equipping practitioners with an advantageous knowledge concerning 421 
recovery-fatigue status. The collection and observation of CK concentrations, at a professional 422 
level may not be sensitive enough to detect signs of fatigue 48-h post-match linked to match-423 
activity. Observing CMJ outputs such as AP will provide the sensitivity necessary to detect 424 
meaningful changes in performance as well as correlating to the match external load from 425 
competitive league games. Outputs related to CMJ movement strategy (FT:CT) may also be 426 
useful for practitioners to detect signs of NF but are not sensitive to match external load. The 427 
calculation of effect sizes provides a better method for assessing real-world change in recovery-428 
fatigue variables. The application of the data in this report is partly dependent on the extent that 429 
the information can be generalised to other populations of elite first team football players. 430 
 431 
Conclusion 432 
Creatine kinease concentrations at 48-h post-match are sensitive to the overall demands of 433 
match-play that may be associated with 90-min of competitive football. The results of this study 434 
also demonstrate that CMJ outputs related to both performance and movement strategy are 435 
sensitive to changes in NF 48-h post competitive football in elite first-team players. The 436 
analysis and review of this information may help practitioners determine the readiness of 437 
individual players, and aid to design and adjust individual player’s recovery strategies.  438 
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Table 1. Mean (± SD) values for CMJ, CK and Uosm pre-match (MD -1) and post-match (MD +2). The magnitude of the ES was 











Effect Size ±  
90 % CL  
P-value 
Hydration (mOsmols) 343 ± 201 283 ± 173 -17.6 ↓ 53.8 -0.23 ± 0.28 0.273 
CK (u/l) 436 ± 272 648 ± 407 48.7 ↑ 54.1 0.66 ± 0.31 0.001 
CMJ Height (cm) 36.3 ± 5.7 34.8 ± 5.0 -4.2 ↓ 0.8 -0.35 ± 0.29 0.051 
CMJ Contraction Time (ms) 859.3 ± 108.8 878.3 ± 105.2 2.2 ↑ 11.5 0.28 ± 0.29 0.110 
CMJ Flight Time (ms) 562.4 ± 31.7 548.8 ± 38.5 -2.4 ↓ 5.2 -0.45 ± 0.29 0.014 
CMJ FT:CT 0.69 ± 0.16 0.64 ± 0.11 -7.4 ↓ 0.02 -0.39 ± 0.28 0.028 
CMJ Peak Power (W) 4323.4 ± 897.5 4130.6 ± 515.3 -4.5 ↓ 126.7 -0.26 ± 0.27 0.138 
CMJ Max Force (N) 1934.8 ± 374.5 1875.9 ± 176.1 -3.0 ↓ 64.4 -0.16 ± 0.21 0.367 
CMJ Take-off Velocity (m/s) 2.69 ± 0.30 2.60 ± 0.18 -3.3 ↓ 0.03 -0.43 ± 0.30  0.018 
CMJ Average Power (W) 1119.3 ± 148.7 1037.5 ± 187.9 -7.3 ↓ 22.3 -0.63 ± 0.31 0.001 
CMJ Average Force (N) 1058.1 ± 58.8 1056.5 ± 72.1 0.2 ↓ 9.5 0.03 ± 0.28 0.868 
Statistical significance (P < 0.05) is indicated in bold  




Table 2. Mean (± SD) values for match external load variables collected through the Prozone® system during matches. 
External Load Variable 
Central 
Defenders 
(n = 18) 
Full- 
Backs 
(n = 15) 
Central  
Midfielders 
(n = 13) 
Wide 
Midfielders 
(n = 6) 
Attackers 













9727 ± 150 
10222 ± 
805 
Total high intensity running distance > 5.5 m/s 
(m) 
632 ± 130 973 ± 259 1154 ± 240 1089 ± 203 945 ± 236 940 ± 283 
Total sprint distance >7 m/s (m) 171 ± 49 284 ± 116 324 ± 105 344 ± 133 276 ± 143 271 ± 120 
Number of high-intensity efforts (>5.5 m/s) 84 ± 16 126 ±30 151 ± 27 124 ± 14 119 ± 17 120 ± 32 
Number of high-intensity efforts (>7 m/s) 22 ± 6 42 ± 15 49 ± 14 44 ± 15 37 ± 16 38 ± 16 
Number of explosive sprints (5.5 to 7 m/s) 8 ± 2 16 ± 7 21 ± 8 15 ± 5 15 ± 5 15 ± 7 
Total number of medium accelerations (2.5 to 4 
m/s2) 
87 ± 8 111 ± 13 121 ± 14 120 ± 15 109 ± 16 108 ± 18 
Total number of high accelerations (>4 m/s2) 11 ± 3 15 ± 5 15 ± 6 18 ± 4 17 ± 7 15 ± 5 
Total number of medium decelerations (-2.5 to -4 
m/s2) 
66 ± 9 89 ± 15 101 ± 19 85 ± 11 88 ± 14 85 ± 18 






Table 3. Correlations (r) between match external load and pre- to post-match changes in hydration (Uosm), CK concentrations and CMJ 
outputs.  
Variable TD (m) HID (m) TSD (m) HIN TSN EXS MAcc HAcc MDec HDec 
Hydration (mOsmols)  0.002  0.125  -0.044  0.380  0.085  0.430  0.358  0.561*  0.348  0.033 
CK (u/l)  -0.047  0.086  0.079  0.111  0.136  0.273  0.103  0.313  0.106  -0.011 
CMJ Height (cm)  -0.159  -0.108  -0.077  -0.186  -0.108  -0.124  -0.060  -0.031  -0.068  -0.107 
CMJ Contraction Time 
(ms) 
 0.277  0.304  0.187  0.388*  0.239  0.388  0.258  0.104  0.236  0.092 
CMJ Flight Time (ms)  -0.321  -0.419*  -0.395*  -0.451*  -0.446*  -0.496*  -0.438*  -0.294  -0.423*  -0.369 
CMJ FT:CT  -0.252  -0.211  -0.116  -0.273  -0.118  -0.217  -0.076  -0.006  -0.222  -0.303 
CMJ Peak Power (W)  -0.094  -0.025  0.032  -0.65  0.067  0.038  0.130  0.089  -0.016  -0.216 
CMJ Max Force (N)  -0.056  -0.027  0.030  -0.042   0.069  0.034  0.111  0.081  -0.060  -0.204 
CMJ Take-off Velocity 
(m/s) 
 -0.12  0.42  -0.18  0.03  0.038  0.066  0.132  -0.049  0.178  0.040 
CMJ Average Power (W)  -0.384*  -0.391*  -0.312  -0.487*  -0.365  -0.398*  -0.380*  -0.194  -0.358  -0.202 
CMJ Average Force (N)  -0.281  -0.356  -0.261  -0.422*  -0.356  -0.459*  -0.448*  -0.141  -0.397*  -0.202 
* donates statistical significance (P < 0.05) 
± denote direction of r.  
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Table 4.a. Positional differences (mean ± SD) for hydration (Uosm), CK concentrations and CMJ pre-match (MD -1) and post-match 
(MD +2). 
 Pre-match (MD -1) Post-match (MD +2) % difference ES change 







220  ± 44 
469  ± 267 
237  ± 133 
263  ± 47 
330  ± 156 
 
210  ± 50 
283  ± 175 
440  ± 376 
267  ± 60 





















447  ± 317 
491  ± 291 
408  ± 230 
326  ± 130 
409  ± 367 
 
711  ± 530 
704  ± 393 
642  ± 339 
453  ± 141 





















38.9  ± 7.0 
38.8  ± 5.6 
33.0  ± 2.4 
35.6  ± 3.4 
31.4  ± 2.4 
 
39.0  ± 5.2 
35.8  ± 4.0 
30.6  ± 1.5 
34.2  ± 3.1 














The magnitude of the ES was classified as trivial (≤ 0.2), small (> 0.2–0.6), moderate (> 0.6–1.2), large (> 1.2–2.0) and very large (> 




Table 4.b Positional differences (mean ± SD) for CMJ CT, FT and FT:CT pre-match (MD -1) and post-match (MD +2). 
 Pre-match (MD -1) Post-match (MD +2) % difference ES change 







888.4  ± 86.0 
827.3  ± 88.6 
834.2  ± 62.4 
754.8  ± 158.6 
972.7  ± 96.1 
 
882.5  ± 91.9 
882.3  ± 112.9 
851.7  ± 79.9 
792.5  ± 153.3 





















577.5  ± 28.1 
576.2  ± 31.6 
554.5  ± 7.5 
557.9  ± 25.6 
521.3  ± 26.67 
 
580.7  ± 31.3 
547. 9  ± 40.2 
531.7  ± 20.3 
551.3  ± 30.4 





















0.72  ± 0.24 
0.70  ± 0.05 
0.67  ± 0.05 
0.77  ± 0.23 
0.54  ± 0.07 
 
0.67  ± 0.09 
0.63  ± 0.11 
0.63  ± 0.07 
0.72  ± 0.19 














The magnitude of the ES was classified as trivial (≤ 0.2), small (> 0.2–0.6), moderate (> 0.6–1.2), large (> 1.2–2.0) and very large (> 




Table 4.c. Positional differences (mean ± SD) for CMJ PP, MF and TV pre-match (MD -1) and post-match (MD +2). 
 Pre-match (MD -1) Post-match (MD +2) % difference ES change 







5064.7  ± 1359.3 
4063.8  ± 285.6 
4136.4  ± 459.1 
4014.0  ± 72.2 
3779.9  ± 118.3 
 
4614.9  ± 660.0 
3946.3  ± 217.6 
4061.3  ± 391.6 
3859.5  ± 204.0 





















2144.4  ± 636.5 
1843.2  ± 146.7 
1910.0  ± 66.1 
1916.4  ± 120.0 
1725.1  ± 33.9 
 
2003.4  ± 195.2 
1794.2  ± 128.4 
1953.5  ± 166.4 
1819.2  ± 48.0 





















2.84  ± 0.46 
2.75  ± 0.20 
2.55  ± 0.09 
2.64  ± 0.13 
2.48  ± 0.10 
 
2.75  ± 0.18 
2.65  ± 0.15 
2.45  ± 0.06 
2.59  ± 0.12 














The magnitude of the ES was classified as trivial (≤ 0.2), small (> 0.2–0.6), moderate (> 0.6–1.2), large (> 1.2–2.0) and very large (> 




Table 4.d Positional differences (mean ± SD) for CMJ AP and AF pre-match (MD -1) and post-match (MD +2). 
 Pre-match (MD -1) Post-match (MD +2) % difference ES change 







1222.0  ± 105.9 
1159.7  ± 135.9 
968.1  ± 78.6 
1153.8  ± 100.2 
994.8  ± 141.9 
 
1201.6  ± 124.4 
984.3  ± 231.5 
875.3  ± 111.7 
1085.9  ± 74.4 





















1094.3 ± 83.5 
1036.2  ± 30.6 
1039.8  ± 47.4 
1049.1  ± 55.8 
1054.3  ± 29.0 
 
1124.5  ± 69.1 
1005.7  ± 60.2 
1034.1  ± 43.1 
1030.4  ± 61.9 














The magnitude of the ES was classified as trivial (≤ 0.2), small (> 0.2–0.6), moderate (> 0.6–1.2), large (> 1.2–2.0) and very large (> 
2.0). ↑ denotes positive % change, while ↓ denotes negative % change 
  
